Introduction

26
Molluscan shell used as a raw material for tool production is uncommonly noted for problems with the argument (outlined in Szabó 2013 ) means that these tools will be 32 discounted here. For Homo sapiens, the deliberate modification of the large, calcareous opercula of Turbo marmoratus was reported at c. 32,000 -28,000 BP for eastern Indonesia 34 (Szabó et al. 2007) , and preliminary observations of other contemporaneous types of shell 35 working and modification at the same site were also made. It is one of these other putative 36 forms of shell tool -the use of unmodified Scutellastra flexuosa limpets as scrapers -that 37 we investigate here. 38 The behaviour of shell as a raw material for artefact production is poorly understood. 
54
Background to the site and sample 55 Golo Cave is limestone solution cave located on Gebe Island, northern Maluku, eastern 56 Indonesia (see Figure 1 ). Excavations of a 5 x 1 metre trench and two separate 1 x 1 metre 57 squares to bedrock in 1994 and 1996 by Bellwood and colleagues uncovered stratified 58 archaeological deposits spanning from 32 kya just above bedrock to the uppermost deposits 59 associated with the Southeast Asian Metal Age (~2 kya) (Bellwood et al. 1998 ) (see Table 1 ). 60 Along with the analogous and nearby Wetef Cave (Irwin et al. 1999) , Golo Cave presents a 61 punctuated early modern human sequence on a small, resource-poor island that was not 62 landbridged to the west (Halmahera) or east (New Guinea) during periods of lower sea level. 63 Thus, not only does it encapsulate early modern human abilities in terms of its successful 64 colonisation, but also the adaptive flexibility of its colonists who readily used bone and shell 65 to complement the poor lithic resources (Pasveer and Bellwood 2004; Szabó et al. 2008 ) and 66 translocated marsupial fauna from neighbouring New Guinea to generate hunting stock 67 (Flannery et al. 1998) . 68 In addition to animal bone (Flannery et al. 1998 ), bone tools (Pasveer and Bellwood 2004) 69 and lithic artefacts (Szabó et al. 2007 ), quantities of shell midden were recovered from 70 throughout the cultural sequence. A total sample of midden shell from one excavated square (M4) was transported to the Australian National University, and subsequently the 72 University of Wollongong, for further analysis and all shell discussed here derives from this 73 square. 74 A total of 1064 individuals (MNI) from fifty-seven different molluscan species was identified, 75 with most of these species being represented by a single individual (see Table 2 ). Eight Framework for investigation 107 As a biomaterial whose primary function is to protect soft-bodied molluscs from predators, 108 shells are adaptively designed to be strong in particular directions to resist crushing and 109 impact forces (Vermeij 1993 Although dominantly composed of CaCO 3, molluscan shells also have a proteinaceous 142 component which acts as both a matrix for the crystals and decreases brittleness making the 143 shells more resilient materials. Proteins enmesh the crystals within the structure with 144 different microstructural types effecting this in different ways (Watabe 1988 flexuosa specimen was used to scrape the outer surface of a culm. It was intended to be 348 used for forty strokes, but fractured into four fragments after thirty-two.
349
All of the specimens used for scraping dry bamboo showed variable evidence of edge and powdered haematite was also generated.
377
Pig skin, flesh and bone working 378 Six S. flexuosa specimens were used for working a leg of pig. Two shells were used to cut 379 through the pig skin, two for cutting pork flesh and two for scraping flesh from the bone.
380
Each activity was undertaken for twenty and then one hundred strokes with two different 381 shells. None of the shells fractured during experimentation.
382
S. flexuosa was able to penetrate the skin of the pig, but not with less than twenty strokes. (Figure 12c ).
396
The series of protruding ribs along the margin of S. flexuosa shell acted as serrations to tear 397 rather than cut through the pig flesh. While the pig flesh was able to be processed using the 398 shell, the results were untidy.
399
The scraping of bone yielded remarkably different patterns of modification that seems 400 largely attributable to the difference in texture. Unlike the elastic nature of skin, and even 401 moreso the flesh, the bone presented a harder and less malleable substrate. Although 402 facets have not been generated, the translucent lamellar edges are no longer present. S. flexuosa used for coconut flesh scraping: (a) glossy sheen across exterior surface, coconut scooping 100x, 40x magnification; (b) muting of exterior surface sculpture, coconut scooping 100x, 40x magnification; (c) chipping at margin, coconut scraping 100x, 40x magnification; (d) microchipping at margin, coconut scooping 100x, 50x magnification; (e) opaque patches at margin as a result of pressure exerted on the shell's edge, coconut scooping 100x, 50x magnification. S. flexuosa used for cutting pig skin: (a) flaking of exterior shell layers, pig skin cutting 100x, 50x magnification; (b) translucence at margin from material lost on outer surface, pig skin cutting 100x, 55x magnification. S. flexuosa used for cutting pig flesh: (c) flaking and splintering of shell at margin resulting in translucence. Also loss of sculpture on body surface, 55x magnification. S. flexuosa used for scraping pig bone: (a) margin attrition and zone of exterior smoothing, pig bone scraping 100x, 30x magnification. 
